Aim: To analyze the sociodemographic determinants of dental fluorosis among high school children aged 12-16 years in Mangaluru, Karnataka, India. Materials and method: A cross-sectional study was conducted. Simple random sampling technique was employed to select the three schools for the present study. Demographic details and previous medical history was assessed by administering the questionnaire to the study subjects. Presence of dental fluorosis was assessed using the World Health Organization (WHO) oral health assessment form of 2013. Results: A total of 500 students were examined for the present study. A major fraction of the study population was formed by males. It was observed that 95 participants were affected by varying severity of dental fluorosis with the prevalence of 19%. Correlation and logistic regression analysis showed the occupation of father and dietary pattern to be significantly correlated with the presence of fluorosis in study subjects. Conclusion: Prevalence and severity of the condition are found to have a huge burden in the given urban population of Mangaluru city. As the occupation of father and dietary pattern showed significant association with fluorosis, further interventional studies are recommended to be conducted considering these socioeconomic factors. Clinical significance: Results of the present study will further our understanding of the association between prevalence and social determinants of dental fluorosis, which may be critical for prevention and control of the condition.
Variations in ecosystems, changes in climate and to some extent the way of individual lifestyle result in the availability and intake of fluoride in individuals and hence, approximated values of bioavailability of fluoride may vary with respect to seasonal and geographical variations. Factors like biological variation, dietary habits, and environmental factors have been involved in the differences in prevalence and degree of dental fluorosis, and these factors act as strong determinants of the condition. Therefore, it is important for the researchers and healthcare practitioners to gain extensive insights not only with respect to the fluoride content of drinking water available, but also any such socioeconomic determinants, to promote good oral and general health. 10 Karnataka, a state in the southern part of India where the Western and Eastern Ghats meet into the mosaic, in the western section of the Deccan peninsular part. It is one of the fluoride endemic states in the country with 13 out of 30 districts showing varying levels of severity of dental fluorosis, including the Dakshina Kannada where the present study was conducted. The fluoride concentration in drinking water in Karnataka is found to 
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IntroductIon
F luorosis is a painful crippling disease resulted by excessive intake of fluoride. 1 The element Fluorine is the most electronegative element on earth and is found naturally as fluorides. These fluorides may enter the body due to the consumption of drinking water, food, various dental products like toothpastes and mouth rinses; drugs, fluoride fumes, and dust released from industries working with fluoride-containing salt, materials and or hydrofluoric acid. 2 Fluorine is noted as the 13th element present most abundantly in the earth crust. 3 This element was first isolated by a French chemist and a Nobel laureate Henri Moissanin the year 1886. 4 As per the WHO, within a safety limit of 0.6 ppm, ingestion of fluoride has a useful role in bone and teeth formation, whereas increased ingestion causes the condition of fluorosis and hence fluoride is well known as a double-edged sword. WHO standards permit not more than 1.5 mg/L as a safe limit of fluoride in drinking water as suitable for daily consumption, fluorosis remains to be an endemic problem worldwide. 5 It has been a crucial public health problem worldwide, in 24 countries, including India, which lies in the geographical belt of naturally occurring fluoride extending from Turkey to China and Japan via Iraq, Iran, and Afghanistan. Many more places diagnosed by fluorosis are being explored regularly in different parts of our country. 6 Dental fluorosis is "a specific disturbance in tooth formation caused by excessive fluoride intake during the development of teeth". The severity of dental fluorosis is precisely related to the fluoride content and its concentration in the drinking water supply. 7 This condition is endemic in 19 states of India. 8 High amounts of fluoride consumption from such drinking water are considered as a main etiological factor for dental fluorosis. There is also a variation of this prevalence and severity of fluoride within the same community and between neighboring communities making dental fluorosis a multifactorial problem. vary substantially and the mean values recorded in the NorthEastern zone are 1.61 ppm and in the South-Western 0.41 ppm. 10 In this state, more than four lakh children have been affected by this disease according to the latest statistics.
Therefore, this study was conceptualized to analyze the sociodemographic determinants of dental fluorosis among high school children aged 12-16 years in Mangaluru, Karnataka, India.
MAterIAls A n d M e t h o d s
A cross-sectional study was conducted in Mangaluru among high school children aged 12-16 years. Ethical approval was obtained from the Institutional Ethics Committee (IEC) of Manipal College of Dental Sciences, Mangaluru, Karnataka, India. List of schools in Mangalore was obtained from the Block Education Officer. A simple random sampling technique was employed to select the three schools for the present study. Permission from the principals of respective schools was obtained to conduct the study. A signed form of informed consent was taken from parents of participants prior to the conduction of the study and informed assent was obtained from the study subjects.
Examiner calibration was undertaken to establish interexaminer reliability and assessed using kappa statistics (0.8).
A sample size of 500 was fixed for the study. Inclusion criteria included high school children aged 12-16 years in Mangaluru whose parents provided signed informed consent for their participation in the study and those who resided in the city since birth without any transferable jobs. Therefore, all the participants included in the study were born in Mangalore city and had not immigrated into the city after birth from outside. The criteria for exclusion were differently abled, children with orthodontic brackets or crowns and those who have undergone or are undergoing treatment for any systemic disease or condition.
Demographic details, oral hygiene practices, dietary pattern, and previous medical history of the study subjects was recorded by a questionnaire containing 22 items. Presence of dental fluorosis in study subjects was assessed in school settings, using the WHO oral health assessment form 2013 which is according to WHO's a modification of Deans Fluorosis index. 11 Assessment of the prevalence of any other conditions was not included in the present study as they were not in accordance with the objectives outlined. A single examiner carried out the examination, and a trained recorder accompanied the examiner to help in recording the data (Annexure).
The obtained data were coded and compiled systematically using the Microsoft Excel program. Statistical analysis of the data was done in the statistical package for social sciences (SPSS), version 20.0 (SPSS Inc., Chicago IL). Cross-tabulations, Chi-square test, analysis of variance (ANOVA), correlation, and regression analysis was carried out. Level of significance was kept as 5%.
results
A total of 500 students were examined for the present study. Study subjects belonged to the age group of 12-16 years. A major fraction of the study population was formed by males which were 69.5% (347) while females formed the remaining 30.5% (153). Socioeconomic status reported for the greater part of the study was lower middle class (329, 65.7%) while 169 (33.7%) were of upper middle and 2 (0.4%) were of upper lower classes. Three hundred and four (60.5%) participant families had less than or equal to four family members and 196 (39.5%) families had more than four family members ( Table 1) .
Most of the fathers of study subjects attended pre-university (38.1%) and high school (36.1%). Nearly one half of them were into business (49.1%) whereas eighteen (3.6%) were into fishing and agriculture, one hundred and 37 (27.3%) stated clerical jobs, nineteen (3.8%) were technicians and eighty (16.0%) were professionals.
Among mothers, nearly two one-half of them attended preuniversity (43.2%). Although high proportions of mothers were Sociodemographic Determinants of Dental Fluorosis educated, nearly two thirds (68.6%), described their occupation as homemakers while others were working women (157, 31.4%). Illiteracy was reported as zero among both fathers and mothers of study subjects (Table 2) . It was observed that 95 participants were affected by varying severity of dental fluorosis with an average of 2 teeth being affected in each participant. The prevalence was calculated which came out to be 19%, with 37 participants showing mild form, 31 participants having moderate form and 27 having a severe form of dental fluorosis (Table 3) .
A correlation analysis performed on sociodemographic factors and fluorosis against each other showed occupation of father and dietary pattern to be significantly correlated with the presence of fluorosis in study subjects (Table 4) . Logistic regression analysis also showed a significant association between father's occupation and dental fluorosis prevalence (Table 5) .
dIscussIon
The present study attempted to determine the impact of socioeconomic factors among high school children aged 12-16 on prevalence and severity of dental fluorosis in Mangaluru, a city in South India.
Karnataka stands among the fluoride endemic regions and states in India. Thirteen districts, including the district of Dakshina Kannada, located in the southwestern belt of the state have consistently reported a relatively high level of fluoride in their groundwaters. The prevalence and degree of dental fluorosis were quantified in this part of the state earlier, however, limited studies have been done in Mangaluru city to analyze the burden of this condition.
The present study not only gives the prevalence of the dental fluorosis but also explores the socioeconomic determinants which were reported to be associated with the condition as pointed out in previous research done by Perez et al. and Villa et al. 12, 13 Prevalence of dental fluorosis was 19% among participants, i.e., 95 study subjects showed various degrees of the condition. Studies were done by Chandrashekar and Issac et al., in the same age group of population and region, reported a prevalence of 13.2% and 24% respectively. 14, 15 Studies done by Verma et al., Bharathi and Narayanamurthy showed a high prevalence of 64.3%, 56.2%, 31.05% of dental fluorosis, respectively, in the same state. [16] [17] [18] In the present study, various socioeconomic factors such as age, sex, education, occupation and income of parents of study subjects, number of family members, socioeconomic status and dietary patterns were considered and analyzed against fluorosis for their association. Of all the factors considered, a dietary pattern followed by the study subjects and the occupation of their fathers showed significant association with the prevalence of dental fluorosis among them. In study subjects who enjoyed a vegetarian diet, the prevalence of dental fluorosis was four times more than those who followed a mixed dietary pattern. This finding is similar to the findings reported by Awadia et al., and Abuhallub in studies done in the same age group population where vegetarianism was inversely associated with fluorosis. 19, 20 Absorbed fluoride is excreted almost exclusively by process of kidneys which is directly related to the urinary pH. A diet that interferes with the acidification and alkalinization of urine promotes indicative differences in urinary clearance of fluoride. This principle applies to protein-rich and vegetarian diets. Diet-induced changes with long-term effects on urinary pH play a role in decreasing (vegetarian-induced alkaline urine) or increasing (protein-induced acidic urine) the chances of developing dental fluorosis. 21 In our present study father's occupation came to be a significant determinant of fluorosis. Contrasting findings were reported in studies done by Hoek et al., Baskaradoss et al., Choubisa et al., who showed no significant association with dental fluorosis. [22] [23] [24] Results show that other socioeconomic factors which came out to be insignificant and this is similar to results reported by Naidu et al., whereas study done Perez et al., Villa et al., showed dissimilar findings. 12, 13, 25 Prevalence in the present study reflects a huge burden of dental fluorosis in the population belonging to the urban population where aesthetics will be one of the main concerns along with general health. Hence dental fluorosis can be considered a crucial public health problem to be addressed by further conducting intervention studies and including various socioeconomic determinants.
The findings of the present study must be viewed in light of its limitations. Firstly, cross-sectional exploratory correlational research may not allow the establishment of a causal relationship between variables being assessed in the study. Secondly, the prevalence of dental fluorosis has not been related to water fluoride level in this study. Thirdly, one inherent limitation of the present study might be social desirability bias, a usual problem of research using self-reported measures, might have altered their answering patterns especially while answering socioeconomic status questions as none of the participants claimed to be belonging to lower socioeconomic class.
Considering the insignificant factors and mentioned limitations, further research is required in this field to explore the possible relation between socioeconomic determinants and dental fluorosis.
conclusIon
Prevalence of dental fluorosis in this population was found to be 19%, reflecting a huge burden of the condition in an urban population. Dietary patterns and the father's occupation showed significant association with the prevalence and severity of the condition. Further interventional studies are recommended to be conducted considering these socioeconomic factors. Policy makers are suggested to work through these determining factors while implementing defluoridation programs along with the traditional ones.
clInIcAl s I g n I f I c A n c e
Results of the present study will further our understanding of the association between prevalence and social determinants of dental fluorosis which may play a critical role in the prevention and control of fluorosis in the community. 
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